1. Plasma lipids and lipoproteins have been studied in control subjects and patients with various types of steatorrhoea.
tive function are accompanied by both quantitative and qualitative alterations in plasma lipoproteins.
METHODS Subjects
Blood was obtained after an overnight fast (10-14 h) from the following groups of subjects: Healthy controls. Mainly doctors and laboratory technicians, aged 2040, eight of whom were male and eight female.
Patients with malabsorption. Eleven males, average age 45, and thirteen females, average age 47. The cause of malabsorption in the males was: small intestinal resection (three), adult coeliac disease (three), intestinal lymphangiectasia (two), carcinoma of the pancreas (one), chronic pancreatitis (one) and a case of the blind-loop syndrome secondary to scleroderma. Two of the male patients had associated diabetes. In the females, malabsorption was either due to intestinal resection (three), adult coeliac disease (nine) or chronic pancreatitis (one). This last patient was diabetic. All patients were shown to have had steatorrhoea at some stage (faecal fat>6 g/day) and in all but four this was present at the time of the study. The mean faecal fat excretion was 20 g/day in males and 21 g/day in females. None had obstructive liver disease. Three patients with adult coeliac disease were on a gluten-free diet at the time of study, but all other patients were on a normal ward diet, containing at least 70 g of fat/day. Individual details of all the patients are shown in Tables 1 and 2 .
Methods
Blood samples were mixed with EDTA and the plasma was separated and stored, as described by Fredrickson, Levy & Lees (1967) . Preparative ultracentrifugation was carried out in a manner similar to that described by Havel, Eder & Bragdon (1959, by using an MSE Superspeed 40 ultracentrifuge with a 3 x 20 ml swing-out rotor. Samples (4 ml) of plasma were centrifuged successively at dl-006 and 1.063 at 15-16°C for 16 h at 30 OOO rev./min (100 OOO g). The aspirated supernatants from the &st and second spins, representing very-low-density lipoproteins (VLDL) and low-density lipoprotein (LDL) and the infranatant of the second spin, containing high-density lipoprotein (HDL), were then assayed for their lipid content. Whole plasma and individual lipoprotein fractions were assayed for total cholesterol by the method of Abell, Levy, Brodie & Kendal(l952) . Lipid extracts (Folch, Lees & Sloane-Stanley, 1957 ) of each were assayed for triglyceride (Laurell, 1966) and also for phospholipids, by using a modified Bartlett procedure (Marinetti, 1962) . The total recovery of each lipid in the three lipoprotein fractions was 95% of that in whole plasma. Free and esterified cholesterol were separated by thin-layer chromatography (Beukers, Veltkamp & Hooghwinkel, 1969) , and assayed without preliminary saponification by the Lieberman-Burchard reaction, by using a physiologically proportioned mixture of cholesterol esters as a standard for esterified cholesterol. Correction factors of 1.67 and 25 were used to convert esterified cholesterol into cholesterol ester and lipid phosphorus into phospholipid respectively. To convert mg/100 ml into mmol/l the following molecular weights were used : cholesterol (total or free) 387, cholesterol ester 647, triglyceride 885, lecithin 750. LDL protein was determined by the method of Lowry, Rosebrough, Farr & Randall (1951) , the final reaction mixture being twice extracted with hexane before its optical density was measured; bovine serum albumin wasused as the standard.
Faecal fat was estimated in 3 day pooled collections (van de Kamer, Ten Bokkel Huinink B & Weijers, 1949). All analyses were carried out in duplicate. Statistical differences were assessed by a two-tail t-test of significance.
RESULTS

Plasma lipid levels
Mean plasma lipid concentrations in control subjects and patients with malabsorption are shown in Table 3 . In males plasma cholesterol and phospholipid concentrations were significantly lower in malabsorbers than in controls, although the plasma triglycerides were very similar. Plasma cholesterol and phospholipid levels were also decreased in female malabsorbers, although to a somewhat lesser extent than in males, but their triglycerides were significantly raised. Diabetes was probably a contributory factor in the high triglyceride level observed in one of the female patients (see Table 7 ).
Plasma lipoprotein levels
These differences are further examined in Table 4 , which shows the levels of plasma lipo-proteins in male and female subjects respectively, expressed as lipoprotein total cholesterol. In males there was a marked decrease in LDL and a lesser decrease in HDL, with no change in VLDL. In females there was a moderate decrease in HDL, a lesser decrease in LDL and a significant increase in VLDL.
The relationship between plasma lipoprotein levels and the cause and extent of malabsorption in patients of both sexes is shown in Table 5 . VLDL levels appeared higher and LDL and HDL levels lower in resection patients than in those with adult coeliac disease, even though the faecal fat excretion of the two groups was similar. The lowest LDL levels occurred in the miscellaneous group of malabsorbers ; three had pancreatic steatorrhoea, two had intestinal lymphangiectasia and one had a blind-loop syndrome secondary to scleroderma. An inverse relationship between LDL levels and faecal fat excretion was demonstrable in male malabsorbers (r = -0.61, P< 0.05) but there was no obvious correlation between plasma LDL or HDL levels and faecal fat excretion in females. 
Lipoprotein composition
In addition to these quantitative changes, certain qualitative abnormalities were found in lipoprotein composition, as illustrated in Fig. 1 . The results, calculated by expressing each lipid as a percentage of the total mmol of lipid in VLDL, LDL or HDL, have been plotted on triangular coordinates; since no sex difference could be detected male and female values have been pooled. It is apparent that the lipid composition of VLDL from malabsorbers did not differ significantly from healthy controls, and in only four patients were the values outside the 1 SD control range. In contrast, the molar percentage of total cholesterol in LDL was decreased in all but three of the malabsorbers, this decrease being balanced by a reciprocal increase in the proportion of triglyceride but without any change in phospholipid. A similar but lesser increase in the molar proportion of triglyceride in HDL was also evident, although in this instance reciprocal decreases occurred in both total cholesterol and phospholipid.
To determine whether the decreased cholesterol content of LDL was due to a decrease in free or esterified cholesterol the percentage esterification of plasma cholesterol was measured. This was found to be slightly lower in malabsorbers (69f7%) than in healthy controls (74f 273, P<0.05. It was not practicable to measure the percentage esterification of cholesterol in LDL but assuming this to be similar to that in whole plasma the percentage composition of LDL has been recalculated so as to include free cholesterol, cholesterol ester and also protein.
The results are shown in Table 6 . It is clear that the increased proportion of triglyceride in malabsorbers occurred almost entirely at the expense of cholesterol ester, since the proportion of free cholesterol, phospholipid and protein in LDL remained normal. The inverse relationship between LDL cholesterol ester and triglyceride is further illustrated in Fig. 2 ; this shows a linear correlation between the molar proportion of these two lipids. 
DISCUSSION
Decreased levels of serum cholesterol and phospholipid (Adlersberg et al., 1957) and increased serum triglycerides (Slack, Nair, Traisman, Becker, Mahler & Hsia, 1962 ) have been previously reported in patients with malabsorption. The present study confirms these findings and provides additional information about the underlying changes in plasma lipoproteins. In males, hypocholesterolaemia was associated with a marked decrease in low-density lipoprotein cholesterol, whereas in females there was also a decrease in high-density lipoprotein cholesterol. Ewing, Freeman & Lindgren (1965) have shown in normal subjects that at high serum lipid levels, excess of lipid is distributed predominantly in LDL in males and in HDL in females. Our findings in patients with malabsorption suggest that a similar sex difference in lipid distribution is seen in reverse at low serum lipid levels.
A potential criticism of this present study lies in the fact that the majority of patients with malabsorption were older than the healthy subjects used as controls. This factor could be the explanation for the higher plasma triglycerides observed in female malabsorbers, since it is known that VLDL levels rise after the menopause (Barclay, 1972) . The data in Table 2 show that the increase in the mean triglyceride concentration in this group of subjects was largely due to two patients with values of over 200 mg/ml; both were post-menopausal and one was also a diabetic. On the other hand, the results of a recent Swedish study showed that after intestinal resection a significant proportion of female patients had higher plasma triglyceride levels than age-matched controls, whereas this was not the case among males (Carlson, Hallberg & Killander, 1971) . If this sex difference is real it would suggest that malabsorption exerts a relatively greater effect on factors determining triglyceride levels in females, which presumably include hormonal influences. Decreased levels of post-heparin lipolytic activity have been reported in patients with malabsorption (Slack et al., 1962; Press & Thompson, 1972) but there is no evidence that this occurs to a more marked extent in females, who under normal circumstances are said to maintain a lower plasma triglyceride concentration than males by virtue of a more efficient clearance mechanism (Nikkila & Kekki, 1971) . The fact that malabsorbers had lower levels of LDL than control subjects in the present study is unlikely to have been due to differences in age, in view of the fact that LDL levels are normally higher between the ages of 40 and 60, which includes the majority of the patients, than below the age of 40, which includes all the controls (Barclay, 1972) .
Characterization of lipoproteins during the present study was based solely on ultracentrifugal separation, since immunological identification was not undertaken nor was lipoprotein electrophoresis carried out in most instances. However, whenever the latter was performed it confirmed the results of ultracentrifugation, inasmuch as decreased levels of LDL were associated with a decrease in 8-lipoprotein and increased levels of VLDL were accompanied by an increase in pre-8-lipoprotein (unpublished results). Decreases in LDL and HDL were observed regardless of whether malabsorption was due to mucosal damage or to a disturbance of the intraluminal phase of lipid absorption. In males there was an inverse correlation between LDL levels and the degree of steatorrhoea, although this was least marked in patients with adult coeliac disease. Discussion of the mechanism of these lipoprotein abnormalities must remain somewhat speculative at the present time. However, it is known that the small intestine synthesizes both chylomicrons and VLDL (Ockner, Hughes & Isselbacher, 1969) , each of which contain all the major apoproteins found in LDL and HDL (Windmueller & Spaeth, 1972; Kostner & Holasek, 1972) . If, as seems likely, impaired uptake and mucosal transport of lipid results in decreased synthesis of intestinal lipoproteins, this would be expected to diminish the entry of these apoproteins into plasma and diminish their availability for recycling in LDL and HDL (Rodbell, Fredrickson & Ono, 1959; Fidge & Foxman, 1971) . Have1 (1972) has recently suggested that catabolism of chylomicrons could be quite an important source of LDL. Alternatively, it may be that the amount of lipid absorbed via the 'small intestine chiefly influences LDL and HDL levels in an indirect manner, by determining the rate of their synthesis or that of their precursors by the liver.
In addition to these quantitative abnormalities certain characteristic changes in lipoprotein composition appear to be associated with malabsorption. Both LDL and HDL showed a marked increase in the proportion of triglyceride, this increase being most marked in LDL where it was accompanied by a reciprocal decrease in total cholesterol. By assuming that the percentage esterification of cholesterol in whole plasma was similar to that in LDL, as has been shown by Goodman & Shiratori (1964) , it was calculated that this decrease was largely due to a decrease in cholesterol ester. A similar inverse relationship between cholesterol ester and triglyceride has been noted in the LDL of normal subjects (Ewing et al., 1965) , and studies in vitro suggest this is related to transfer of cholesterol ester from LDL and HDL to VLDL, with reciprocal transfer of triglyceride from VLDL to LDL and HDL (Nichols & Smith, 1965 ). An alternative explanation for the alteration in LDL composition is suggested by the observation that LDL can be separated into several subfractions, those isolated between d 1.006 and 1 -030 having a higher proportion of triglyceride and lower proportion of cholesterol ester than those isolated between d 1.030 and d 1,063 (Lee & Alaupovic, 1970) . Although a relative increase in the lower density sub-fractions could explain the present results, preliminary studies with the analytical ultracentrifuge do not support this hypothesis, the S, pattern of LDL from malabsorbers being similar to that of normal subjects (G. Mills, personal communication) .
The metabolic interrelationships between VLDL, LDL and HDL have recently been discussed in detail by Wilson & Lees (1972) . These authors found that feeding a fat-free diet caused alterations in plasma lipoproteins which were very like those seen in malabsorbers during the present study. Similar changes were also observed by Jones & Dobrilovic (1970) during cholestyramine administration. These authors speculated that the decreased cholesterol content of LDL that they observed was due to a diminished availability of cholesterol to this macromolecule. Taken together these and our own results imply that the net amount of lipid ingested and absorbed from the diet plays an important role in regulating not only the concentration but also the composition of LDL. This influence is presumably mainly on lipoprotein synthesis although enhanced catabolism of LDL may be an additional factor in those patients in whom bile acid excretion is increased due to ileal dysfunction (Levy & Langer, 1972) .
